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7KH GHXWHULXPWULWLXP '7 IXVLRQ UHDFWRU LV
H[SHFWHGWREHDV\VWHPWRSURYLGHWKHPDLQHOHFWULFLW\LQWKH
IXWXUH ZLWKRXW DQ\ VHURXV UHOHDVH RI KD]DUGRXV SURGXFWV
VXFKDVDUDGLRLVRWRSHRIWULWLXPDQGLWLVWKHHDVLHVWIXVLRQ
UHDFWLRQ WR DFKLHYH /LWKLXP ZLOO EH UHTXLUHG LQ DPRXQWV
GHSHQGHQW RQ WKH UHDFWRU GHVLJQ FRQFHSW :KHQ OLTXLG
OLWKLXP LV XVHG DV D WULWLXP EUHHGHU DQG D FRRODQW OLWKLXP
LQYHQWRULHVDUH ODUJH /LWKLXPLVQRZUHFRYHUHGIURPWKH
PLQHVDQG IURPVDOW ODNHVZKLFKFRQWDLQVDERXWPLOOLRQ
WRQVRI OLWKLXPJOREDOO\ $OWKRXJK WKHDPRXQWRI OLWKLXP
LQ WKRVH UHVRXUFHV LV TXLWH LQVXIILFLHQW DW WKLV SRLQW
DOWHUQDWLYH UHVRXUFHV VKRXOG EH IRXQG WR VDWLVI\ OLWKLXP
LQYHQWRULHV IRU QXFOHDU IXVLRQ SODQWV DQG WKH LQFUHDVLQJ
GHPDQGIRUEDWWHU\DQGVRRQLQWKHQHDUIXWXUH 
1DWXUDOO\ RFFXUULQJ OLWKLXP FKHPLFDO V\PERO /L
VWDQGDUGDWRPLFPDVVDWRPLFPDVVXQLWVDPX
LVFRPSRVHGRIWZRVWDEOHLVRWRSHVOLWKLXPDQGOLWKLXP
ZLWK WKH ODWWHU EHLQJ E\ IDU WKH PRUH DEXQGDQW RQH DERXW
SHUFHQWRIWKHDWRPV /LWKLXPLVDQLPSRUWDQWLVRWRSH
LQ WKH GHXWHULXPWULWLXP '7 IXVLRQ UHDFWRU EHFDXVH
WULWLXPLVSURGXFHGIURPWKHUHDFWLRQ/LQЍ +H+
WULWLXP   0H9 Therefore, it is important point to 
secure the amount of 6Li to operate nuclear fusion reactor.
-DSDQ LV RFHDQLF DQG YROFDQLF FRXQWU\ DQG
GHYHORSPHQW RI WKHVH UHVRXUFHV LV LPSRUWDQW LVVXH LQ VW
FHQWXU\ 6HDZDWHU ZKLFK FRQWDLQV  KXQGUHG PLOOLRQ
WRQVRI OLWKLXP LQ WRWDO  DQGJHRWKHUPDOZDWHU KRW VSULQJ
ZDWHU FRQWDLQLQJ /L FRQWHQW KDV WKXV UHFHQWO\ EHFRPH DQ
DWWUDFWLYH VRXUFH RI WKLV HOHPHQW 7KH VHSDUDWLRQ DQG
UHFRYHU\ RI OLWKLXP IURP WKHVH QDWXUDO ZDWHU UHVRXUFHV E\
FRSUHFLSLWDWLRQ VROYHQW H[WUDFWLRQ DGVRUSWLRQ HWF KDYH
EHHQLQYHVWLJDWHG 
,Q WKLV UHVHDUFK ZH ZLOO HVWLPDWH /L FRQWHQWV LQ
YDULRXV QDWXUDOZDWHUV VR ILUVWO\ WRWDO/L FRQWHQW DQGRWKHU
W\SLFDOHOHPHQWVLQQDWXUDOZDWHUZHUHLQYHVWLJDWHG
)LYHGLIIHUHQWW\SHVRIVDPSOHVVHDZDWHUJHRWKHUPDO
ZDWHU KRW VSULQJZDWHU JURXQGZDWHU DQG WDSZDWHUZHUH
XVHGLQWKLVVWXG\6HDZDWHUZDVFROOHFWHGIURPWKHVXUIDFH
OD\HURI,PDUL%D\6DJDSUHIHFWXUH7ZRJHRWKHUPDOZDWHUV
ZHUH FROOHFWHG IURP LQMHFWLRQ ZHOO RI *HRWKHUPDO SRZHU
SODQWV LQ 6XPLNDZD DQG 2KQXPD $NLWD SUHIHFWXUH 7KUHH
KRW VSULQJZDWHUVZHUHFROOHFWHG IURPKRW VSULQJV LQ*HUR
6KLWDMLPDDQG1LJRULJR*LIXSUHIHFWXUH*URXQGZDWHUZDV
FROOHFWHG IURP 7RXQRX PLQH *LIX SUHIHFWXUH 7DS ZDWHU
ZDVFROOHFWHGIURP1DWLRQDO,QVWLWXWHIRUIXVLRQVFLHQFH7RNL
*LIXSUHIHFWXUH
  7KHFRQFHQWUDWLRQVRI/LDQGLVRWRSLFUDWLRVRI/L
 /L LQ WKH VDPSOHV ZDV PHDVXUHG E\ ,&3 PDVV
VSHFWURPHWU\ ,&306 XVLQJ /69(& /LWKLXP FDUERQDWH
DVVWDQGDUG
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UDWLRV RI /L  /L RI YDULRXV QDWXUDO ZDWHUV 6DPSOHV KDV
OLWKLXPFRQWHQWZLWKGLIIHUHQWFRQFHQWUDWLRQFRH[LVWLQJZLWK
YDULRXVRWKHUFRQWHQWV5HJDUGOHVVRIOLWKLXPFRQFHQWUDWLRQV
DQGVDPSOHW\SHVLVRWRSLFUDWLRVRI/L/LLQVDPSOHVDUH
DOPRVWFRQVWDQW
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Isotopr ratio
6Li 7Li
(%) (%)
Tap water Toki, Gifu 0.003 7.4 92.6 0.080
Seawater Imari, Saga 0.17 7.6 92.4 0.082
Ground water Tounou mine, gifu 0.07 7.4 92.6 0.080
Gero, Gifu 1.13 7.4 92.6 0.080
Shitajima, Gifu 9.70 7.5 92.5 0.081
Nigorigo, Gifu 1.62 7.4 92.6 0.080
Sumikawa, Akita 1.69 7.4 92.6 0.080
Ohnuma, Akita 1.02 7.6 92.4 0.082
(6Li/7Li)
Sampling point
Hot spring water
Geothermal water
Sample
Percentage of 6Li and 7Li
Concentration (mg/L)
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)RU GHVLJQLQJ D IDFLOLW\ RI IXVLRQ UHDFWRU LW LV
LQGLVSHQVDEOHWRVWXG\RQPDLQWHQDQFHDFWLYLWLHV WRJHWKHU
ZLWKFKDUDFWHULVWLFVRIWKHFRUHFRPSRQHQWVWREHWUHDWHG
5DGLRORJLFDO FKDUDFWHUL]DWLRQ RI WKH FRUH FRPSRQHQWV LV
DQLPSRUWDQWLWHPIRUQRWRQO\PDLQWHQDQFHEXWDOVRZDVWH
PDQDJHPHQW ,Q WKLV VWXG\ PDLQWHQDQFH ZRUN DFWLYLWLHV
ZHUH VWUXFWXUHG E\ XVLQJ WKH ZRUN EUHDNGRZQ VWUXFWXUH
PHWKRG IRU HYDOXDWLQJ WKH QHFHVVDU\ VWHSV RI WKH
PDLQWHQDQFH DQG ZDVWH PDQDJHPHQW 7KH VWXG\ ZDV
EDVHG RQ E\ UHYLHZLQJ H[SHULHQFHV RI SUHVHQW QXFOHDU
IDFLOLWLHV 7KH GHVLJQ RI ,7(5 ZDV DOVR UHIHUUHG LQ WKLV
VWXG\>@ 
(YDOXDWLRQRI0DLQWHQDQFH3URFHVV
$ZRUNEUHDNGRZQVWUXFWXUH :%6 LVDKLHUDUFKLFDO
DQG LQFUHPHQWDO GHFRPSRVLWLRQ RI D SURMHFW LQWR ZRUN
SDFNDJHV ,W LV ZLGHO\ XVHG LQ D SURMHFW DQDO\VLV WR
XQGHUVWDQG WKH FRPSRQHQW FRQWHQWV RI D QHFHVVDU\ZRUN
SDFNDJHV ,Q WKLV VWXG\ D :%6 ZDV FRQVWUXFWHG WR
DQDO\]H QHFHVVDU\ VWHSV RI PDLQWHQDQFH RI FRUH
FRPSRQHQWVVHFWRUVLQDIXVLRQUHDFWRU7KHPDMRUZRUN
DFWLYLWLHV GXULQJ WKH SURFHVV IURP UHDFWRU VKXWGRZQ WR
ORQJWHUPVWRUDJHRIWKHVHFWRUDVVHPEO\EODQNHWGLYHUWHU
EDFNSODWHHWFDUHDEVWUDFWHGDVIROORZV
x 5HPRYDORIWULWLXPE\HOHFWULFGLVFKDUJHZDVKLQJ
x &RROLQJRIWKHVHFWRUVWRGHFUHDVHLWVWHPSHUDWXUH
x 7UDQVIHU RI WKH VHFWRUV IURP WKH UHDFWRU FRUH WR WKH
PDLQWHQDQFHDUHD 
x 6HSDUDWLRQRIWKHEODQNHWDQGGLYHUWHUIURPWKHVHFWRUV 
x 6WRUDJHRIXQXVDEOHPDWHULDOVEHLQJSXWLQFRQWDLQHUV
x 7HPSRUDOVWRUDJHRIFRQWDLQHUVLQDFRROLQJSRRO
x 'LVPDQWOLQJRIXQXVDEOHFRPSRQHQWV 
x 6HOHFWLRQRIYDOXDEOHPDWHULDOVIURPWKHEODQNHW
x 6WRUDJHRIUDGLRDFWLYHZDVWH 
(DFKZRUNDFWLYLW\ LWHPZDVIXUWKHUGHFRPSRVHGLQWR
SULPLWLYH ZRUN DFWLYLWLHV WR HYDOXDWH WKH YDOLGLW\ RI
PDLQWHQDQFH VFHQDULRV )RU LQVWDQFH GLVPDQWOLQJ RI
XQXVDEOH FRPSRQHQWV FRQVLVWV RI ILYH SULPLWLYH ZRUN
DFWLYLWLHVLWUDQVIHURIWKHFRPSRQHQWVIURPWKHFRROLQJ
SRRO WR GLVPDQWOLQJ DUHD LL RSHQLQJ RI WKH FRQWDLQHUV
LLLPHDVXUHPHQWRIUDGLRDFWLYLW\LYUHPRWHGLVPDQWOLQJ
DQG Y FODVVLILFDWLRQ RI WKH FRPSRQHQWV EDVHG RQ
UDGLDWLRQOHYHOV,QWRWDOSULPLWLYHZRUNDFWLYLWLHVZHUH
LGHQWLILHGDVWKHQHFHVVDU\PDLQWHQDQFHSURFHVV 
*URXSLQJRI&RPSRQHQWVIRU:DVWH0DQDJHPHQW
,Q WKHPDLQWHQDQFHSURFHVV FRPSRQHQWV WDNHQRXWRI
WKH FRUH DUH FODVVLILHG LQWR UHF\FODEOHUHXVDEOH DQG
QRQXVDEOHRQHV ,Q WHUPVRIQRQXVDEOHRQHZKLFK LVRI
UDGLRDFWLYHZDVWH FRPSRQHQWVZHUH FODVVLILHG LQWR WKUHH
FDWHJRULHV UHIHUULQJ WKH SUHVHQW VDIHW\ UHJXODWLRQ IRU
QXFOHDU IDFLOLWLHV LQ -DSDQ ,Q FDVHRI D IXVLRQ UHDFWRURI
*:WKSRZHU  WRQV RI UDGLRDFWLYHZDVWH LQ ORZ
DQG YHU\ ORZ OHYHO LV H[SHFWHG WR EH DULVHQ IURP WKH
PDLQWHQDQFH HYHU\  \HDUV 6RPH FRROLQJ SHULRG LV
GHVLUDEOHIRUVWDELOL]DWLRQDQGHQFDSVXODWLRQRIWKHZDVWHV
LQORZOHYHO 

6FKHGXOLQJRI0DLQWHQDQFH:RUN3URFHVV
7KHWLPHVFKHGXOHRIWKHZRUNSURFHVVZDVRXWOLQHGDV
IROORZV
x &RROLQJRIFRPSRQHQWLQWKHFRUHDUHDGD\V
x 7UDQVSRUWRIVHFWRUVWRPDLQWHQDQFHDUHDOGD\
x 'LVDVVHPEOLQJRIWKHVHFWRUPRQWKV
x &RROLQJRIFRPSRQHQWV\HDUV
x &ODVVLILFDWLRQRIFRPSRQHQWVPRQWKV
2Q WKH EDVLV RI WKH WLPH VFKHGXOH DERYH PHQWLRQHG
FRPSRQHQWFKDUDFWHULVWLFVVXFKDVGHFD\KHDWDQGVXUIDFH
GRVHZHUH FDOFXODWHG XVLQJ FRPSXWHU FRGHV0&13 DQG
$&7WRHYDOXDWHWKHGHWDLOHGPDLQWHQDQFHZRUN)LJXUH
VKRZVWKHGHFD\KHDWDVWLPHSURJUHVV7KHFDOFXODWLRQ
UHVXOWVVKRZHGWKDWGHFD\KHDWRIWKHEODQNHWLVDERXW
0:DWWKHWLPHRIMXVWDIWHURSHUDWLRQ7KHVXUIDFHGRVH
LV WKH RUGHU RI PLFUR 6YK$IWHU RQH \HDU FRROLQJ
WKHGHFD\KHDW DQG VXUIDFHGRVH GHFUHDVH WREH0:
DQGWKHRUGHURIPLFUR6YKUHVSHFWLYHO\>@
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)LJ'HFD\KHDUDIWHUUHDFWRUVKXWGRZQ

&RQFOXGLQJ5HPDUNV
7KHZRUNSURFHVVRIVHFWRUPDLQWHQDQFHVFHQDULRZDV
GLVFXVVHGIRFXVLQJRQWKHZRUNDFWLYLWLHVDQGUDGLRORJLFDO
FKDUDFWHUL]DWLRQRI WKH VHFWRU DVVHPEO\7KH FRUHGHVLJQ
LQIOXHQFHG WKH FKDUDFWHULVWLFV RI ZDVWH DULVLQJ 7KH
UDGLRDFWLYHZDVWHRIVRPHWRQV VKRXOGEHPDQDJHG
LQHYHU\\HDUVHYHQLQDUHODWLYHO\VPDOOSRZHUUHDFWRU
7KH SURSHU ZDVWH PDQDJHPHQW LQFOXGLQJ GLVSRVDO VLWH
GHVLJQLQJLVDQLPSRUWDQWLWHPWREHVWXGLHGLQWKHIXWXUH

.DNXGDWH 6 - 3ODVPD )XVLRQ 5HV 9RO 6XSSOH 

6RPH\D<HWD:DVWHPDQDJHPHQWVFHQDULRLQWKH
KRWFHOODQGZDVWHVWRUDJHIRU'(02,6)17 
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